SUMMARY Despite balloon atrial septostomy within the first days of life, some patients with complete transposition ofthe great arteries die before reaching elective definitive surgery in the second six months of life. To discover why, we analysed the fate of 144 patients who had balloon atrial septostomy after 1966, using a modified logrank survival test with multivariate capability. Patients were withdrawn 'alive' on reaching definitive surgery.
The Hospital for Sick Children, Great Ormond Street. Only patients with atrioventricular concordance and ventriculoarterial discordance10 were included; patients with imperforate valves or common atrioventricular orifice were excluded. The first 80 of these patients formed the basis of a previous report by Tynan.2 Each case record was reviewed, and the data possibly relevant to survival and obtainable before definitive surgery were extracted. These are listed in Table 1 . The information was punched on to cards, and processed at the University of London Computer Centre. Unless the angiocardiographic appearances suggested a defect not more than 2 to 3 mm in diameter, a ventricular septal defect was classified as large if the left ventricular right ventricular systolic pressure ratio was above 0-8, and a persistent ductus arteriosus was classified as large if the pulmonary artery/aortic systolic pressure ratio was above 0-8. The pressure data used were, if possible, those obtained at the second cardiac Table 2 .
Those independent variables which could usefully be used for future prediction of survival were then introduced into stepwise discriminant function analysis with the objective of distinguishing those patients who died or required definitive surgery before 6 months of age from those who survived or had definitive surgery later. This prediction was Age at septostomy (Table 4) At all points on the survival curve, patients having balloon atrial septostomy during the first week of life did best, followed by those having balloon atrial septostomy at the age of over 1 month. Patients having balloon atrial septostomy between 1 week and 1 morth of age did worst of all. It was possible to abolish the effect of age at septostomy by a combination of haemoglobin concentration and superior vena caval saturation after balloon atrial septostomy (Table 5 ). (Table 6) A small ventricular septal defect was associated with a slightly lower risk than no ventricular septal defect at all, but this is of borderline significance, since though the risk with large ventricular septal defect was much higher, the test for non-linearity was not quite significant at the 5 per cent level. There were no hospital deaths in patients with small ventricular septal defects, whereas the greatest toll from large ventricular septal defects occurred in the first three months of life. At this time, survival was 82-5 (±3 9) per cent in patients without a ventricular septal defect, 90 (+9 5) per cent in those with a small defect, and 47-1 (±8 6) per cent in those with a large one. Pulmonary artery systolic pressure (Table 11) This variable proved to be more closely correlated with survival, and more resistant to adjustment for other variables than did ratios between flows and resistances, which were not in themselves predictive in this respect. In particular, the effect was not abolished by allowance for persistent ductus arteriosus or ventricular septal defect. At eight months after balloon atrial septostomy, survival in patients with a pulmonary artery systolic pressure of less than 30 mmHg was 94 0 ( ±2 9) per cent. When the pressure was 30 to 50 mmHg, survival was 92-3 (±7A4) per cent; at 50 to 70 mmHg it was 60-0 (±21-9) per cent; and at above 70 mmHg, 40 0 (±21-9) per cent.
Systemic arterial and venous oxygen saturations These variables, taken alone, had an effect on survival of borderline statistical significance, but adjustment for haemoglobin concentration greatly strengthened this relation (p < 0-02 for systemic arterial saturation, p < 0*005 for superior vena caval saturation). The observed/expected death ratio was seven times greater for patients with a superior Putting the effect of haemoglobin concentration and oxygen saturation together by calculating systemic arterial oxygen content resulted in a significant linear correlation with survival (p <005 for trend) with the effect most obvious at nine months afterballoonatrial septostomy, when survival was 74'6 (+8 4) per cent in patients with a content less than 12 vol per cent, and not less than 92-9 (±6 9) per cent whenever the content was higher. This effect was strongly reinforced when patients with right ventricular outflow tract obstruction were excluded (Table 12) , and mildly reinforced when left ventricular outflow tract obstruction was allowed for. Similar results applied to systemic venous arterial content, except that the reinforcement was not so strong when patients with right ventricular outflow tract obstruction were excluded.
Acid-base state at cardiac catheterisation It is of interest that there was a high mortality in those patients who had a base excess, three out of five patients, all deaths occurring in patients with a State at 6 months For this analysis, patients were withdrawn "dead" if before 6 months of age they had undergone a definitive operation, since the indication for surgery was that death was felt to be imminent. All analyses are presented for patients in whom values for all the predictive variables were recorded. The most widely applicable discriminant function was based upon the rise in oxygen saturation produced by balloon atrial septostomy, the systemic arterial oxygen content after balloon atrial septostomy, the presence of left ventricular outflow obstruction, the presence and size of ventricular septal defect, and the presence, size, and management of persistent ductus arteriosus. The summary of the stepwise procedure and performance of the jack-knified discriminant function are shown in Table 13 . The latter produced a correct prediction in 96/126 (76 2%) of cases. From Tables 14 to 18 may be read the probability of surviving to the age of 6 months without requiring urgent definitive repair. Correct prediction in 76-2 per cent overall. Coding as in Table 3 . DELSA, change in systemic arterial oxygen saturation on septostomy (%). LVOTO, left ventricular outflow tract obstruction. PDA, persistent ductus arteriosus. SARCON, systemic arterial oxygen content after septostomy (ml/100 ml). VSD, ventricular septal defect. it is prospective in the sense that entry to it is towards the beginning of life rather than at death. We cannot, of course, eliminate the effects of operation on the course of the disease after balloon atrial septostomy. We have reduced as far as possible, however, the problem of definitive surgery by looking at the data in two ways, either counting patients as alive or dead when they reached definitive surgery. Palliative surgery was not treated thus, but in any case was only used in a minority of patients (21-5%). Balloon atrial septostomy has been shown to have a dramatic beneficial effect on survival. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Equally, it fails to prevent a great many deaths in early life, which is why our hospital adopted a policy of elective definitive repair in the second six months of life.2 But even this policy failed to help the 15 to 40 per cent who died within the first six months. The emergency intra-atrial baffle operation2' is one answer to this problem, but carries a higher risk than elective operation, and does not deal with sudden unexpected deaths, which are not uncommon.2 3 What is therefore needed is some way of predicting the outcome in advance, so that surgery can be carried out electively in appropriate patients. But so far, this has not been tried. Indeed, even when attempts to identify "risk factors" were made, they usually failed. Hawker and colleagues,5 using univariate analysis, did have some success, and found a significantly better prognosis in patients with either a high interatrial pressure gradient or a high systemic arterial oxygen saturation in the absence of a ventricular septal defect. But both of these applied to the situation before balloon atrial septostomy. They could not correlate survival with the situation after balloon atrial septostomy. By contrast, we have not been able to show any relation between survival and factors existing before balloon atrial septostomy which can be altered by it, whereas the state of several of those factors after this procedure strongly affected survival. This incidentally indicates that no patient is too sick to benefit from balloon atrial septostomy.
Prognosis depends on many factors. It follows that unless multivariate analysis is used, the subtleties of some actions, and the interaction between different factors will lead to masking of the effects of some of them. But 27 So it is not surprising that the higher the systemic venous oxygen content at the second cardiac catheterisation, the better the chance of survival. This effect, however, was probably not as important as that of systemic arterial content, which of course depends on both systemic arterial oxygen saturation and haemoglobin concentration. These two constituents are mutually supportive, and yet distinct, in that the beneficial effect of a high haemoglobin concentration either at balloon atrial septostomy or at the second cardiac catheterisation was independent of either systemic arterial oxygen saturation or Po2. In view of the commonly expressed concern at the deleterious effect of a high haemoglobin concentration (increased blood viscosity, cerebrovascular accidents, and so forth), it is salutary to notice that no deaths at all occurred in patients with a haemoglobin concentration above 18 Weight gain was studied because it was felt that poor weight gain or even weight loss might antedate death. Though gross failure to thrive may have precipitated earlier definitive surgery in some patients, our negative results suggest that the answer to predicting death does not lie in the weight chart.
The steady increase in survival over the years is gratifying, but not immediately explicable. In part, it is the result of a greater readiness to perform definitive surgery within the first six months, but this cannot explain the steady improvement in survival within a month of balloon atrial septostomy. Nor could the latter be explained by age at septostomy or condition at septostomy as judged by acid-base status. Balloon septostomy is not technically difficult, so we doubt if an improvement in technique has produced this change. The most important reason is probably the recognition that intensive care before and after septostomy is as important as before and after any surgical operation. We have also tended to limit investigation at the time of balloon atrial septostomy to the minimum necessary to establish the diagnosis of transposition of the great arteries. After balloon atrial septostomy its adequacy is checked, and then, only if the condition of the baby is blameless, and there is a strong indication for further investigation, such as suspected pulmonary hypertension or coarctation, if further catheter manipulation or angiocardiography carried out.
As already indicated, we cannot assume that because a factor has a statistically significant effect on survival, that alteration of that factor will alter survival in the manner predicted. We think it likely, however, that four measures would improve overall survival in patients with transposition of the great arteries. First, continued emphasis on the need for earlier referral would mean a higher proportion of balloon septostomies carried out in the first week of life. Second, every effort should be made to maintain haemoglobin levels at above normal levels, by iron supplements and transfusion if necessary, particularly at the time of cardiac catheterisation, because it seems that relative anaemia is much more dangerous than polycythaemia. Third, the presence of a persistent ductus arteriosus of any size should be taken seriously particularly when associated with ventricular septal defect, and ligation carried out, provided that balloon septostomy is adequate. Interatrial repair at the same time may be appropriate for patients with a large patent ductus arteriosus, but we are not certain on this point. A routine cardiac catheterisation at 3 months of age enables a persistent ductus arteriosus to be distinguished from a physiologically patent ductus arteriosus present in the first few days of life. Evidence for the adequacy of balloon atrial septostomy at the time of cardiac catheterisation is equalisation of mean atrial pressures with a significant rise in arterial or mixed venous oxygen saturation, but of course it sometimes happens that an initially adequate septostomy is later suspected of being inadequate. Subxiphoid real time two-,dimensional echocardiography may be very helpful here, as it enables the atrial septal defect to be visualised.28 It could be argued that our results show a need for the wider use of atrial septectomy, but as our experience is that this improves little, if at all, on balloon septostomy,2 we have preferred to rely on earlier interatrial repair in the management of the severely hypoxic infant. This leads us to the fourth way of improving overall survival, which is to carry out earlier definitive operation in patients identified as being at particular risk of dying within early infancy. The tables provided should help in this respect. Two-thirds of deaths are correctly predicted, and a small proportion of patients survive despite prediction of death. The method is imperfect, though it could perhaps be improved by more systematic recording of the risk factors we have identified. Nevertheless, to demand anything like perfect prediction is quite unrealistic, and to know the probability of death within a certain period should lead in time to a more rational overall treatment programme for patients with this serious disease. 
